In this research CaO-Ag-NPs @CaCO 3 nanocomposite was prepared by treatment of calcined calcium oxalate [CaO, Ca(OH) 2 and CaCO 3 ] with sol of silver nanoparticles (Ag-NPs). Several techniques were used to investigate the structural properties of CaO-Ag-NPs@CaCO 3 nanocomposite including FTIR, UV/VIS, XRD, TEM and TGA. XRD and TEM and UV/VIS results showed that silver nanoparticles incorporated with calcium oxide (CaO-Ag-NPs) are incorporated with calcium carbonate (CaO-Ag-NPs@CaCO 3 ). It is confirmed that the CaO-Ag-NPs @CaCO 3 nanocomposite showed strong antimicrobial activity against Escherichia coli, and Staphylococcus aurous.
Introduction
Immobilization of silver nanoparticles (Ag-NPs) into solid substrates to obtain materials with desirable properties has recently received considerable attention [1] [2] [3] [4] [5] . Some of these solid supports include polymer matrices, calcium carbonates (egg shells) and silica supports [6] [7] [8] [9] [10] [11] [12] . These materials perhaps are very interesting and promising, due to their broad antimicrobial activity and their other potential applications in a wide range of fields [8] [9] [10] [13] [14] [15] .
Variety of methods was employed to incorporate silver nanoparticles into inorganic substrates by impregnation method [16] or by anchoring them onto the surface of solid supports [17, 18] . Several other attempts to immobilize Ag-NPs with polymers have been already proposed including silica [19] and on natural fibers [20] . The porous nature of some forms of CaCO3 makes them suitable candidates such as catalyst supports, fillers, biomimetic scaffolds for target materials. Thus, CaCO3 particles were fitted as nonreactive support for silver nanoparticle (20 nm) as they showed significant antimicrobial activity. The resulting composite Ag-NPs/CaCO 3 particles showed significant antimicrobial activity. It was also tested for an additive of a commercial paint [21] . Novel hybrid antibacterial microparticles, Ag-NPs/ CaCO 3 , consisting of Ag-NPs incorporated into calcium carbonate/polymer microparticles of CaCO 3 , were obtained in a simple synthetic procedure carried out in aqueous environment and involving non-toxic compounds [22] . Originally prepared Ag with diameters in the range of 30-50 nm were used in co-precipitation process which results in the formation of Ag-NPs/CaCO 3 spherical microparticles. Recently a sensors based on Ag-NPs/CaCO 3 was designed. Such inorganic composites have huge potential medical application [23] . a dual-use sorbent for solid phase extraction (SPE) in combination with surface-enhanced Raman spectroscopy (SERS). The sorbent consists of calcium carbonate microparticles with incorporated silver nanoparticles (Ag-NPs) and magnetic nanoparticles (Fe 3 O 4 ) [24] . More recently, the incorporation of silver nanoparticles into egg-shell powder of porous calcium carbonate based material have been reported as a promising and interesting nanomaterial [5] . The use of calcium carbonate obtained from eggshells in fabricating silver nanocomposite is due to its excellent environmental compatibility, bio-compatibility and biodegradability. Due to the complex procedure that have been used for extraction of calcium carbonate from waste egg-shell and the presence of inherent macromolecular protein functional groups. In this research we have used a different methodology to incorporate silver nanoparticles into calcium oxide/ calcium carbonate obtained from the annealed calcium oxalate. Ag-NPs incorporated calcium oxide was coated with CaCO 3 to form CaO-Ag-NPs@CaCO 3 nanocomposite. The Ag-NPs sol was prepared by treatment silver nitrate aqueous solution with 1,2-phenelenediamine as reducing agent. The presence of 1,2-phenelenediamine was used not only as reducing agent for silver ions, but also it was used as stabilizer for Ag-NPs on the CaCO 3 substrate. Several techniques were used for structural characterization of the CaO-Ag-NPs@CaCO 3 , these methods are include: fourier transform infrared spectroscopy (FTIR), ultra violet-visible spectroscopy (UV/VIS), X-ray diffraction (XRD), transmission electron microscopy (TEM) and thermal gravimetric analysis (TGA).
Experimental

Materials
All chemicals purchased are analytical grade and used as received without further purification. Calcium carbonate (CaCO 3 ), acetic acid (CH 3 COOH), oxalic acid (C 2 O 4 H 2 ), 1,2-phenylenediamine, (C 6 H 8 N 2 ) and silver nitrate (AgNO 3 ) were purchased from Aldrich company. Glassware's used in the experimental work were washed with distilled water and dried at 100 °C.
Methods and Techniques
Infrared spectra for the materials were recorded on a Perkin-Elmer FTIR spectrometer using KBr disk in the range 4000-400/cm. Thermogravimetric analysis (TGA) was carried out using Mettler Toledo TGA/SDTA851e analyzer in the range of 25-600 °C of heat rate of 10 °C/min. The system was purged with nitrogen using a flow rate of 50 ml/ min. Powder X-ray diffraction (XRD) patterns were recorded on Analytical Expert Pro diffractometer utilizing Cu Kα radiation (k = 1.54 Å). The TEM analysis was performed with JEM2010 (JEOL) transmission electron microscope with energy-dispersive X-ray spectrometer INCA (Oxford Instruments).
Synthesis of Ag-NPs Sol
A sol of silver nanoparticles (Ag-NP) was prepared by reduction AgNO 3 solutions (100 ml, 0.002 M) with 4 ml of 1,2-PDA (0.005 M). The reaction was put in a dark place to allow the reaction taking place until color is changed to yellow. Several other authors have also reported the preparation of silver nanoparticles by biosynthesized using aqueous extract of Chlorella vulgaris as reducing agent [25] and sol gel method [26] .
Annealing of Calcium Oxalate
Calcium oxalate was firstly prepared by treatment of CaCO 3 with oxalic acid concentration 0.5 M. Upon annealing of calcium oxalate in a muffle furnace at 700 °C for 3 h, a mixture of three components CaO, Ca(OH) 2 and CaCO 3 was formed as confirmed by XRD, TGA and FTIR methods.
Synthesis of CaO-Ag-NPs @CaCO 3 Nanocomposite
The fabrication of Ag-NPs-CaO@CaCO 3 material was performed simply by treatment of 20 mg of calcium based mixture [CaO, Ca(OH) 2 and CaCO 3 ] with 10 ml of Ag-NPs sol.
The mixture was shaken for 5 min to ensure that the silver nanoparticles were embedded into the CaCO 3 . The product designated as CaO-Ag-NPs@CaCO 3 was then washed three times with deionized water and dried at room temperature. The final material was calcined at 500 °C for 2 h to remove 1,2-PDA organic residue.
Antimicrobial Test
The antimicrobial activity of synthesized CaO-Ag-NPs@ CaCO 3 composite was accomplished by using cup plate (well cut) diffusion method. 20 ml of Mueller-Hinton agar was poured into the Petri plates. Triplicate plates were swabbed with the bacterial overnight culture (about 10 6 cells/ml) of multidrug resistant clinical isolates: Escherichia coli and Staphylococcus aureus. The pathogenic bacterial isolates were obtained from Al-Nasr paediatric hospital and confirmatory identification of the isolates done at Microbiology Laboratory of Al-Azhar University-Gaza. The solid medium was gently punctured with cork borer to make a well. The wells were filled with 20 μl sterilized water agar to seal the well bottom. Finally, the aqueous CaO-Ag-NPs @CaCO 3 (40 µl) were added to each well and incubated at 37 °C for 24 h. After incubation, the inhibition zone was measured as millimeter (mm) in diameter [27] .
Results and Discussion
Synthesis of CaO-Ag-NPs @CaCO 3
The decomposition of calcium oxalate at 700 °C in air leads to the formation of a mixture of three components, CaO, Ca(OH) 2 and CaCO 3 . Upon treatment the calcium based mixture with sol of silver nanoparicles (Ag-NPs), calcium hydroxide [Ca(OH) 2 ] has disappeared as it was probably reacted with the excess of 1,2-phenylenediamine to form PDA-Ca(II) complex (FTIR and XRD evidences). Silver nanoparticles incorporated calcium oxides particles are coated with calcium carbonate to form CaO-Ag-NPs@ CaCO 3 nanomcomposite (see Scheme 1) as confirmed from FTIR, XRD and TEM discussed latter. (Fig. 1a ) is complicated which reflects that a mixture of three components CaO, Ca(OH) 2 and CaCO 3 are mostly expected. A broad peak at 550/ cm is due to ν(Ca-O) [28] . The sharp peak at 3650/cm is due to presence of Ca(OH) 2 [29] . The peak at 1645/cm is due to δ(O-H) bending vibration [30] . A weak peak at 1799/cm (Fig. 1a) is also associated to the carbonate C = O bond [31] . The broad band at 1400-1500/cm, and the 2 weeks peaks at 883/cm and 715/cm (Fig. 1a ) are due to the ν(C-O) related to carbonation of CaO [29, 31] . The weak absorption peaks at 2972/cm, 2864/cm and 2516/cm ( Fig. 1a ) are assigned to (C = O) vibration of carbonate in CaCO 3 component [31] . FTIR spectrum of the nanocomposite material CaO-Ag-NPs @CaCO 3 results from the treatment of calcium based material with sol of Ag-NPs is shown in Fig. 1b . It showed the absence of the strong peak of Ca(OH) 2 at 3650/cm, this confirms the disappearance of Ca(OH) 2 upon treatment with 1,2-DPA, this was also confirmed by XRD analysis discussed below. Figure 2 shows XRD pattern of the mixture calcium oxalate annealed at 700 °C. It exhibits strong peaks corresponding to a face centered cubic crystal structure of CaO(o) [30] , hexagonal crystals structure of Ca(OH) 2 (*) and CaCO 3 (#) [30] as confirmed by FTIR spectra. XRD pattern shows a reflection peaks at 2θ = 32.7°, 54.2°, 64.2° and 68.7° corresponding to (111), (202), (311) and (222) planes of CaO with a face-centered cubic structure, respectively [32] . All the diffraction peaks of CaO are matched with a face centered cubic structure of CaO (JCPDSPDF# 82-1690) [30, 32] . Four reflection peaks at 2θ = 18.4°, 28 [30, 33] . The presence of calcium carbonate present in the calcium based mixture is probably due to the carbonation of CaO by atmospheric CO 2 resulted from decomposition of calcium oxalate at 700 °C [31] . This was also confirmed by FTIR spectra and XRD results.
Fourier Transformation Infrared (FTIR)
X-ray Diffraction (XRD)
XRD pattern for CaO-Ag-NPs@CaCO 3 nanocomposite is given in Fig. 3 , it shows four diffraction peaks at diffraction angles at 2θ = 38.1, 44.2, 64.7 and 77.4 correspond to the diffraction peaks of Ag atoms. The four strong distinguishing peaks of the silver sample match with Bradley crystal faces of (111), (200), (220) and (311) of silver with JCPDS # 04-0783 [5, 32] . This is also confirmed the reduction of silver ions to metallic silver nanoparticles. The XRD pattern also clearly showed the presence of nine diffraction peaks of CaCO 3 at diffraction angles at 2θ = 23.0, 29.4, 31.5, 36.0, 39.4, 43.2, 47.5, 48.5, 57.4 and 60.8 were corresponding to the crystal faces of calcite with JPCDS card (File No. 47-1743) [5, 32] . The presence of weak peaks associated with Ca(OH) 2 in the XRD results (Fig. 3) is probably due to the its reaction with excess of reducing agent (1,2 PDA). The disappearance of a peak of CaO component is probably due to its reaction with Ag NPs forming CaO-Ag nanocomposite [32] .
TEM Analysis
TEM image of the Ag-NPs sol (Fig. 4a ) reveals that the Ag-NPs were mostly uniformly distribution of spherical shape with very small size particles of about 1-5 nm. But there were some agglomerations that result of formation of large spherical or rod particles in the range 20-50 nm, similar results are also recently reported [27] . The TEM image (b) reveals that a large layer of CaCO 3 is obviously coated the surface of CaO-Ag-NPs nanocomposite. The TEM of CaO-Ag-NPs@CaCO 3 (Fig. 4b) revealed small size particles of Ag-NPs of different sizes that are embedded into the network of CaO, whereas those larger ones are probably onto the surface of CaCO 3 .
TGA Analysis
Thermal gravimetric analysis (TGA) and differential thermal analysis (DTA) are examined for the annealed calcium oxalate material and the silver impregnated materials under nitrogen at 25-600 °C at rate 10 °C/min ( Fig. 5a and b ). TGA pattern of calcium oxalate annealed at 700 °C (Fig. 5a ) showed a main step at 430 °C, due to the loss of CO of 7.2%. Figure 5b showed TG/DTA thermogram of CaO-Ag-NPs@ CaCO 3 ., it reveals three steps of weight loss at 70, 150 and 340 °C due to loss hydrated H 2 O, decomposition of organic residue of reducing agent and dehydroylation of Ca(OH) 2 . The total weight loss is 2.2%. The reduction of the weight loss in the third step of the Ag-NPs/CaCO 3 after impregnation with Ag-NPs provides indication that Ag-NPs are [32] and Ca(OH) 2 [34] Fig . 3 XRD analysis of CaO-Ag-NPs @CaCO 3 , Ag-NPs [35] and CaCO 3 [36] interacted strongly into the porous CaCO 3 and enhance the thermal.
UV/Visible Spectra
The absorption spectra of Ag-NPs sol were recorded (red line) after reduction with 1,2-PDA. Similar UV/visible absorption peak is obtained for Ag-NPs obtained by biosynthesized using aqueous extract of Chlorella vulgaris as reducing agent for silver ions [27] . A strong surface plasmon resonance band of Ag-NPs was shown in the range of 420 nm (Fig. 6 ). This absorption peak was completely disappeared after treatment 
Antibacterial Activity of CaO-Ag-NPs @CaCaO 3
The resistance of human bacterial pathogens to the existing antibacterial agents and antibiotics has elevated the necessity to discover new natural and inorganic substitutes to overwhelm the problem. Amongst inorganic antimicrobial agents, silver has been widely used against infections for many years. Antimicrobial activity of CaO-Ag-NPs @CaCO 3 has been studied and investigated. The results revealed that an outstanding antibacterial activity of CaO-Ag-NPs @CaCO 3 , whereas CaCO 3 showed no antibacterial activity. In our investigations, CaO-Ag-NPs@CaCO 3 composite was found to be lethal to human pathogens (E. coli and S. aureus) and exhibited the maximum inhibition against E. coli of zone 18 mm (Fig. 7a ) followed by 11 mm against S. aureus (Fig. 7b ). These results are in consistence with other reports which suggesting that CaO-Ag-NPs @CaCO 3 exhibit significant antimicrobial activity against coli and S. aureus [37] . CaO-Ag-NPs @CaCO 3 has been also known to show high toxicity to many types of microorganisms. CaO-Ag-NPs @ CaCO 3 is cytotoxic to E. coli and described to be dependent on size and shape of CaO-Ag-NPs @CaCO 3 [38] .
Conclusion
CaO-Ag-NPs @CaCO 3 composite was prepared simply by treatment Ag-NPs sol with annealed calcium oxalate (CaO/ Ca(OH) 2 /CaCO 3 ) at 700 °C. The Ag-NPs-CaO composite is incorporated with calcium carbonate nanparticles as a substrate. The formed nanocomposite of CaO-Ag-NPs @ CaCO 3 showed an effective antibacterial activity against Escherichia coli, and Staphylococcus euroum. This promising material is also believed to have high potential for commercialization, especially for paint industry. 
